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iv CONVERSION FACTORS For the convenience of readers who may prefer to use metric (International System) units rather than the inch-pound units used in this report, values may be converted by using the following factors:
Multiply inch-pound units By To obtain metric units inch ( in . ) foot ( The U.S. Army Corps of Engineers (COE) maintains a 40-foot deep navigation channel in Portland Harbor, from the mouth of the Willamette River to river mile (RM) 12 ( fig. 1 ). Sediment deposition in the channel occurs primarily from RM 3 to RM 10. This is due to channel morphology and tide-induced flow reversals. As a result of this deposition, the COE projects that over 400,000 cubic yards of bottom material will be dredged from the harbor each year (U.S. Army Corps of Engineers, 1979a, p. 3-4) . This amount includes dredge spoils from the main channel and from berthing areas. Dredged material historically has been placed at nearby upland disposal sites; however, at present these sites are nearly full (U.S. Army Corps of Engineers, 1979A). As an alternative disposal plan, the COE is considering disposal of this material into the Columbia River (flow lane disposal) a short distance downstream from the mouth of the Willamette River. The dredged material, if free of contaminants, would be nutrient-rich in comparison to Columbia River bottom material and could enhance Columbia River biota downstream from the disposal site (George Snyder, National Marine Fisheries Service, oral commun., 1977) . To study this alternative disposal plan, the U.S. Geological Survey in cooperation with the COE collected data at 10 sites in Portland Harbor in October 1983.
Purpose and Scope
Aquatic organisms rely on a delicate balance of trace elements found in water and bottom material and may be affected if this balance is chemically degraded by contaminants associated with the disposal of dredge spoils. The purpose of this report is to describe chemical concentrations of Portland Harbor bottom material and elutriate-test filtrate (ETF) along with data from earlier studies (published and unpublished).
The objectives of this report are to:
1. Describe concentrations and spatial distribution of selected chemicals associated with Portland Harbor bottom material. 1 Present study Rickert and others, 1977 Rinella and McKcnzic, 1977 McKenzic, 1977 J. Rinella, 1978 CH2M Hill, 1983 A. Horowit?, 1984 B. Balaski, 1984 B.Cleland. 1984 Modified from National Oceanic and Atmospheric Administration nautical charts. Port of Portland. 1967 and Columbia R., Saint Helens to Vancouver, 1968. 
Previous Studies
Data from an earlier study of Portland Harbor (Rickert and others, 1977, p. 19) indicate that bottom material finer than 20 micrometers (/xm) in diameter contains concentrations of chromium (Cr), copper (Cu), and mercury (Hg) that are small in comparison with those in local soils, claystones, and shales; however, less than 20-/xm bottom-material concentrations of lead (Pb) and zinc (Zn) are relatively large in comparison with those in local soils, claystones, and shales. Traceelement determinations of local soils, claystones, and shales were made on size classes similar to less than 20-/xm bottom material. More recent Pb and Zn determinations (1984) of harbor bottom material (A. Horowitz, U.S. Geological Survey, written commun., 1984) indicate that concentrations of these trace metals increase two-to three-fold as particle size decreases. For example, Pb concentrations in bulk sediment were 43 micrograms per gram (/xg/g); Pb concentrations in sediment finer than 62 /xm in diameter were 72 /xg/g; and Pb concentrations in sediment finer than 2 /xm were 143 /xg/g. Concentrations of cadmium (Cd), Pb, and Zn in bottom-material samples from docking slips between RM 1 and 11 (CH2M Hill, 1983; B. Cleland, U.S. Environmental Protection Agency, written commun., 1984; and B. Balaski, Port of Portland, written commun., 1984) were found to exceed those of local soils, claystones, and shales (Boerngen and Shacklette, 1981; Rickert and others, 1977; Dave Dunnette, Oregon Department of Environmental Quality, oral commun., 1982) .
First-generation organochlorine compounds were detected and quantified in harbor sediments at RM 9.2. (Quantified refers to a chemical concentration that is above the minimum reporting level for an analytical method; such a concentration would be reported as an absolute number.) The compounds detected and quantified include aldrin, chlordane, dichloro diphenyl dichloroethane (DDD), dichloro diphenyl dichloroethylene (DDE), dichloro diphenyl trichloroethane (DOT), diazinon, dieldrin, lindane, methyloxychlor, and PCB (McKenzie, 1977; Rinella and McKenzie, 1977) . A more recent study (1982) made by the U.S. Environmental Protection Agency (EPA) confirms the occurrence of many of the above first-generation pesticides at RM 9.2 and identifies a possible point source near RM 7.1 (B. Cleland, U.S. Environmental Protection Agency, written commun., 1984). Concentrations of organochlorine compounds near RM 7.1 are significantly larger than those reported earlier at RM 9.2 (McKenzie, 1977; Rinella and McKenzie, 1977) . Phenols, phthalate esters, and polycyclic aromatics also were detected in bottom material at RM 7.1. (B. Cleland, U.S. Environmental Protection Agency, written commun., 1984). Phenolic compounds were detected and quantified at concentrations as large as 2,100 /xg/kg (micrograms per kilogram) for 2,4-dichlorophenol and 130 /xg/kg for 2,4,6-trichlorophenol.
In a few studies (Rinella and McKenzie, 1977; B. Balaski, Port of Portland, written commun., 1984; U.S. Army Corps of Engineers, 1979B; and B. Cleland, U.S. Environmental Protection Agency, unpublished data, 1982) a limited number of chemical analyses were made on elutriate-test filtrate that results from mixing of Portland Harbor bottom material and Columbia River water. Of the trace metals and nutrients examined in these studies, the reported ETF concentrations of Cd, Cu, manganese (Mn), and Hg exceed EPA criteria (U.S. Environmental Protection Agency, 1986) . Concentrations of Cd were as large as 158 micrograms per liter (/zg/L) [U.S. Army Corps of Engineers, 1979B, p. 48] , greatly exceeding the 1.4-/xg/L 1-hour -aver age criteria (U.S. Environmental Protection Agency, 1986). Phthalate esters in these studies were found at concentrations exceeding the 3 /xg/L criteria established for the protection of freshwater aquatic life (U.S. Environmental Protection Agency, 1986). Specifically, ETF concentrations of di-N-octyl phthalate at RM 9.7 range from 25 to 40 /ig/L. This ETF concentration exceeds that of native harbor water (0.13 /xg/L) by two orders of magnitude.
APPROACH AND METHODS
Available data and reports from previous harbor studies, as well as data collected during this investigation at 10 sites by the U.S. Geological Survey in October 1983, were used to describe the concentrations and spatial distribution of selected chemicals in Portland Harbor bottom material. Organic -compound determinations of bottom material were made at each of the 10 sites in the October 1983 sampling. Trace -element and nutrient determinations of bottom material and ETF were made on composite samples in the October sampling. Compositing samples from adjacent sites reduced the number of traceelement and nutrient determinations from ten to five. The river-mile location of composite samples, for graphic purposes, were represented as an average. For example, trace-element and nutrient determinations of bottom material and ETF were made by compositing bottom material collected from RM 11.3 and RM 10.7; an average of 11.0 would be used to represent the composite, when concentrations are plotted by river mile.
Data were compiled and examined using either a frequencydistribution plot, commonly referred to as a "box plot" (SAS, 1982) , or a plot of chemical concentration compared to river miles (standard plot). For trace metals in bottom material, standard plots were used when metal concentrations exceeded average concentrations in local soils, claystones, and shales (as reported by Rickert and others, 1977 , and by Boerngen and Shacklette, 1981) . Box plots were used to describe the frequency distribution of organic -compound concentrations including quartiles and outlying values. Data values reported as less than method detection limits were assigned a value equal to one -half the detection limit. If the lower limit of detection for censored data (data with remarks) was more than an order of magnitude greater than the concentrations reported for uncensored data, censored data were excluded from the box plots .
Estimated PCB loading from the Portland Harbor was calculated using measured suspended-sediment concentrations, streamflow data, and estimated suspended-PCB concentrations. Streamflow and suspendedsediment data were collected at a U.S. Geological Survey National Stream Quality Accounting Network (NASQAN) station located on the Willamette River at RM 12.8. Additional streamflow and sediment-concentration data were obtained from an earlier pilot dredging study (Rinella and McKenzie, 1978) . The bottom-material PCB data were obtained from numerous samplings in Portland Harbor.
Sampling-site Selection
Ten bottom-material sampling sites were located within the main navigation channel of Portland Harbor where bottom material was to be dredged ( fig. 1 
Sampling Procedures
The bottom-material samples were obtained at the ten sites by using either a gravity core sampler or ponar grab sampler (depending on sampling conditions). Sampler penetration ranged from 10 cm (centimeter) with the ponar sampler (used only at RM 11.3) to 1 meter with the gravity core sampler. Water samples were collected with a Van Dorn sampler at a depth of 1 meter below water surface. Bottom material, placed in butyrate acetate core liners, and water samples, placed in glass carboys, were chilled and stored at 4 °C. Sampling containers were cleaned with 7.5-percent hydrochloric acid (HC1) and rinsed several times with distilled deionized water before use. At least two cores of bottom-material were collected at each site. One core was chilled immediately for future elutriate testing and bulk-sediment metals analyses. The other was extruded from the core liner, placed on acetone-rinsed aluminum foil, and longitudinally sectioned. The sectioned core contents then were longitudinally subsampled and the subsamples placed in specially treated glass containers for organic-compound determinations. Additional subsamples were prepared for particle-size, moisture-content, and total-volatile-solids determinations.
Analytical Methods
Determinations of selected trace metals and nutrients were made by the U.S. Geological Survey Central Laboratory in Arvada, Colorado, using methods described by Fishman and Friedman (1985) . Specifically, metals in bottom material and water were first extracted with 0.3 molar HCL and then determined as follows: barium (Ba), beryllium (Be), iron (Fe), and Mn by atomic-adsorption spectrometry (AA); Cd, thallium (Tl), and Zn by AA with graphite furnace; arsenic (As) and selenium (Se) by AA with hydride generation; Cr, Cu, Pb, nickel (Ni), and silver (Ag) by AA with chelation extraction; and Hg by cold vapor AA. Determinations of organic compounds were also made at the Central Laboratory, using methods described by Wershaw and others (1983) .
Particle-size analyses were made by the U.S. Geological Survey Oregon Office laboratory in Portland, Oregon. Representative bulk bottom-material subsamples for particle size were analyzed by (1) a visual-accumulation-tube method, for bottom materials between 53 and 2,000 /im in diameter, and (2) a pipet method for bottom materials less than 53 /im in diameter (Guy, 1969 ). Both methods determine particle size in terms of fall diameter in quiescent distilled water (Stokes law). Moisture content and total-volatile-solids determinations also were made by the Oregon Office laboratory, following methods described by Fishman and Friedman (1985) .
To address the short-term release of chemicals into Columbia River disposal-site water in the October 1983 sampling, one part bottom material from the proposed harbor dredge site was mixed with four parts Columbia River disposal-site water (volume/volume for 30 minutes, followed by a 1-hour quiescent period and 0.45-/im filtration--the standard elutriate test as described by Plumb, 1981) . A detailed explanation of processing elutriate samples is presented in Fuhrer (1984) . The term "release" is used in this report to describe instances where ETF chemical concentrations exceed ambient chemical concentrations in native mixing water (the native water is Columbia River disposal-site water). The modifer "short term" denotes ETF chemical concentrations present at the end of the elutriation-test mixing and settling period (1.5 hours). The ETF and native-mixing water were analyzed for selected metals; bottom material was analyzed for a large number of the chemicals on the EPA priority pollutant list, excluding volatiles (Chapman and others, 1982) .
The elutriate test simulates conditions that result in metal dissolution when bottom material is dredged, transported, and deposited at in-water disposal sites. The consumption of dissolved oxygen (DO) during the standard elutriate test may not reflect actual field conditions because DO is often depleted during the mixing portion of the elutriate test and because dredge spoils are often disposed of in well-oxygenated waters. To accurately represent the range of Columbia River disposal-site conditions, both standard and aerated (oxic) elutriate tests were made. Measurable DO was maintained throughout the oxic test by aeration. EPA criteria (U.S. Environmental Protection Agency, 1986) were used to evaluate the release of chemicals during elutriate testing.
QUALITY OF BOTTOM MATERIAL AND ELUTRIATES
Summary of Chemicals in Portland Harbor Bottom Material
Sediment-chemistry data from 1973 to 1984 (including the October 1983 sampling) are compiled in tables 2, 3, and 4. Data from the October 1983 sampling are presented separately, along with grain-size and total-volatile-solids data, in tables 5, 6, and 7. The compiled trace-metal data provide adequate definition of spatial variations; in comparison, organic-chemistry data--although available from 1977 to 1984--are limited in number and available in sufficient detail only for the past few years. Although analytical methods may vary among studies and among data at particular sites, intrasite-metal concentrations, with the exception of Cr, generally remain similar.
The harsh extraction (concentrated hydrofluoric, perchloric, and nitric acids) of Portland Harbor bottom material by Rickert (1977) and Horowitz (U.S. Geological Survey, written commun., 1984) generally results in larger Cr concentrations than does soft extraction (0.3 molar HC1) of Cr in the present study or soft extractions made by EPA (B. Cleland, U.S. Environmental Protection Agency, written commun., 1984 and CH2M Hill, 1983) . Variations in Cr concentrations are probably a direct result of the extractants' ability to attack the mineral chromite (Horowitz, 1986) . Variations in concentration appear to reflect spatial variability in chemical concentrations and not differences in analytical methods.
Trace Metals
Trace-metal enrichment of Portland Harbor bottom material is evaluated by comparing trace-element concentrations in local rocks, local soils, and worldwide averages of claystones and shales with median trace metal concentrations in Portland Harbor bottom material. Of the trace metals examined in Portland Harbor bottom material from 1973 to 1984 (table 2) , median concentrations of Cd, Pb, and Zn exceeded concentrations in rocks, soils, and claystones and shales (table 8) .
Grain size is one of the most important factors controlling sediment capacity for collecting and concentrating trace metals and possibly the most important factor causing spatial variability in sediment metal concentration (Forstner and Wittmann, 1979; Horowitz, 1984) . In Portland Harbor bottom material, the relations between grain size, as measured by the percentage of bottom material finer than 62 /zm, and sediment-metal concentrations of Cd, Pb, and Zn is poorly defined ( fig. 2 ). The enrichment of Cd, Pb, and Zn may be more a function of local contamination sources (maintenance of ocean-going vessels, stormdrain runoff, etc.) than of particle size.
Cadmium enrichment in Portland Harbor bottom material varies with river-mile location ( fig. 3 ). In the lower harbor (RM 0 to 7.1), concentrations range from less than 0.5 to 1.8 A*g/g, whereas in the upper harbor (RM 8.3 to 11.3), concentrations range from less than 0.5 to 0.7 A*g/g. The larger Cd concentrations in the lower harbor occur outside the main navigation channel, in areas like Columbia Slough (RM 1.2), in slips of Terminal No. 4 (RM 4.5), and adjacent to the outlet from Doane Lake (RM 7.1). Determinations of less than 2-mm bottom .5
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Organic Compounds
Of the organochlorine compounds examined in Portland Harbor sediments between 1977 and 1984 (including those of the October 1983 study), chlordane, DDD, DDE, DDT, dieldrin, and PCB were detected and quantified in at least 30 percent of the samples tested (tables 3 and 6). Box plots have been used to show the distribution of organochlorine compounds in Portland Harbor (fig. 6 ). Numerous acid and base-neutral compounds, including phthalate esters, polycyclic aromatics, monocyclic aromatics, and phenols were detected (tables 4 and 6). However, organic extractions of bottom sediment are considered semi-quantitative because percent recoveries are unknown. A duplicate extraction of bottom material could yield concentrations which might vary an order of magnitude.
The median concentration of DDT (1.1 Mg/kg) is slightly smaller than the DDE concentration (2.1 /ig/kg) and smaller than the DDD concentration (4.6 mg/L) [ fig. 6 ]. These results are to be expected, considering that the DDT slowly degrades to DDD and DDE. The degradation rate of DDT is dependent on several factors which include, but are not limited to, the amount of ultra-violet light, the concentration of iron and aluminum and the redox state of bottom sediment (Eisenreich and others, 1980; Hartley and Kidd, 1984) . At RM 7.1, however, the concentration of DDT (2,700 /ig/kg) is much larger than the concentrations of DDD and DDE (613 /ig/kg and 100 /ig/kg, respectively). The ratio of DDT to DDE or DDD is large and might EXPLANATION Interquartile range equals the value of the 75th percentile minus the value of the 25th percentile o More than 3 times the interquartile range from the 75-percentile value -* 1.5 to 3 times the interquartile range from the 75-percentile value Less than 1.5 times the interquartile range from the 75-percentile value 75-percentile value Median value 25-percentile value Less than 1.5 times the interquartile range from the 25-percentile value CH2M Hill (1983) ; and B. Balaski, Port of Portland, written commun., 1984. DDD = dichloro diphenyl dichloroethane, DDE = dichloro diphenyl dichloroethylene, DDT = dichloro diphenyl trichlo roe thane, and PCB = polychlorinated biphenyls.
suggest recent contamination near Doane Lake outlet at RM 7.1. Doane Lake outlet was not sampled in the October 1983 study because the zone was not to be dredged. In the October 1983 study, the largest concentrations of DDT and associated degradation products were located near Terminal No. 4 (RM 4.3 and 4.5). DDT concentrations at these two sites were as large as 1.3 and 0.8 /zg/kg, and concentrations of degradation products like ODD were as large as 14 and 8.8 /zg/kg, respectively, (table 6).
Results of the October 1983 sampling, along with those from earlier studies (McKenzie, 1977, and McKenzie, 1977) , indicate that PCB compounds are ubiquitous in Portland Harbor sediments. Median concentrations are nearly 65 jug/kg; however, the maximum concentration is significantly larger (550 /zg/kg), extending well beyond the interquartile range ( fig. 6 ). Concentrations that exceed three times the interquartile range occur near both Terminal No. 2 and Doane Lake outlet ( fig. 6 and table 3 ). In the October 1983 study, PCB concentrations in the navigation channel, both upstream (RM 9.8) and downstream (RM 9.2) of Terminal No. 2, are 26 and 39 /zg/kg, respectively. The smaller concentrations in the navigation channel indicate that PCB enrichment occurs in Terminal No. 2 slips and not in the navigation channel. However, this is not conclusive evidence that slips are the source, because particle-size data indicate that PCB enrichment is strongly governed by the settling of fine particles in the low-energy zones of the slips.
Little is known about the suspended-sediment transport of PCB compounds in Portland Harbor. Other river studies have shown that PCB concentrations in areas of deposition are controlled by the distribution of fine-grained material (Frink and others, 1982) . Partly because of flow reversals in Portland Harbor, the reach from RM 3 to RM 10 is primarily depositional (Rickert and others, 1977) . In this reach, particle size appears paramount in controlling PCB concentration in bottom material. On the basis of relations observed between PCB concentration and different particle-size groupings for data collected between 1977 and 1984 (table 3), the percentage of particles finer than 62 micrometers in diameter (<62 /*m) is significantly correlated (p <0.005) to PCB concentration (table 9). As would be expected given the relation between particle size and PCB concentration, bottom material with the largest PCB concentrations also contains the largest percentage of <62-/zm particles ( fig. 7) . Conversely, bottom material with the smallest percentage of <62-/zm particles contains the smallest PCB concentration. Thus larger PCB concentrations may be a consequence of the settling of finer sediments within the slips rather than of docking activities within the slips.
Of the acid and base-neutral organic compounds examined, di-N-butyl phthalate and bis(2-ethylhexyl) phthalate occur in concentrations as large as 1,965 and 2,200 /zg/kg, respectively. These compounds are most concentrated at Terminal No. 2 (RM 9.7), particularly in slip 201 and berth 202 (table 4) . Data from the October 1983 samplings show that concentrations of these chemicals within the main navigation channel (table 6) are at least an order of magnitude smaller than concentrations in slip 201 and berth 202 and suggest that, for the most part, phthalate enrichment is localized to Terminal No. 2. McKenzie, 1977; Rinella and McKenzie, 1978; B. Cleland, U.S. Environmental Protection Agency, written commun., 1984; CH2M Hill, 1983; and B. Balaski, Port of Portland, written commun., 1984. Of the 16 polycyclic aromatics (PA) examined, 14 were detected and quantified in Portland Harbor bottom material (table 4). In the October 1983 sampling, PA compounds occur with greater frequency and at generally larger concentrations at RM 11.3 (table 6) . Results of a second subsampling and organic extraction from the sample bottle, however, show all PA concentrations from RM 11.3 to be below analytical detection limits. The occurrence of a PA-enriched globule in the first subsampling (and not in the second) may explain this discrepancy.
The Doane Lake outlet to Portland Harbor appears to be the sole identifiable source of phenolic compounds; near the outlet, the concentrations of 2,4-dichlorophenol and 2,4,6,-trichlorophenol are 2,100 Mg/kg and 130 MgAg, respectively (table 4) . The October 1983 sampling shows 2,4-dichlorophenol concentrations upstream and downstream of the Doane Lake outlet that are orders of magnitude smaller than those found at the outlet (table 6) .
Estimated Polychlorinated Biphenyl Loading to the Columbia River from the Willamette River
Polychlorinated biphenyl loading to the Columbia River from the Willamette River suspended sediment was estimated and compared to the PCB load associated with the flow-lane disposal of Portland Harbor bottom material. This estimate required calculation of Willamette River suspended-sediment load along with the mass of bottom material dredged from Portland Harbor (dredge load). The dredge load, based on an annual 440,000 cubic-yard projection (U.S. Army Corps of Engineers, 1979b, p. 3-4) and 50 percent-moisture by volume (table 7) is 0.27 x 10 6 tons/year. The suspended-sediment load for the period of record (1973) (1974) (1975) (1976) (1977) (1978) (1979) (1980) (1981) (1982) ) is 1.2 x 10 6 tons/year; thus the dredge load is nearly equal to one-quarter of the suspended load by weight.
The PCB load from dredging can be calculated directly, but the load attributed to suspended sediment must be estimated because the suspended-PCB concentration is unknown. The estimate of suspended PCB load is based on two assumptions: first, that suspended-PCB concentrations are equal to bottom-material concentrations, and second, that loss of PCB from bottom material, as dissolved, is insignificant. If the suspended-PCB concentration increases with the percentage of particles <62 /zm, as does bottom-material PCB ( fig. 7) , the first assumption may underestimate the suspended-PCB concentration, because suspended sediments contain a larger percentage of fine particles. For example, the median percentage of particles <62 /*m in Portland Harbor bottom material is 73.5 percent compared to 88 percent for suspended sediment. Therefore the median-PCB concentration in bottom material, 63 /zg/kg, was used as a conservative estimate of suspended-PCB concentration and as a representative concentration for determining the dredge-PCB load. The use of the median percentage of particles <62 /im (88 percent) to estimate the suspended-sediment PCB concentrations, based on the relation between particle size and PCB concentration in bottom material ( fig. 7) , would have increased the estimated-PCB concentration to 116 /zg/kg. The resulting suspended-PCB load, 72 kg/yr, is nearly five times the dredge-PCB load of 15 kg/yr (table 10) . By using the 25th and 75th-percentile bottom-PCB concentrations--41 and 115 /xg/kg respectively--as estimates of suspended-PCB concentration, the suspended load ranges from over three to nearly nine times the dredge load (table 10 ). In addition, the 75th-percentile PCB load is nearly equal to the load derived using a value of 88 percent, the median percentage of suspended sediment <62 /zm in diameter to estimate suspended-PCB concentration based on the relation in figure 7 . In other words, if suspended-PCB concentrations are particle-size dependent, as is PCB concentration in bottom material, then the resultant suspended-PCB load would probably equal the 75th-percentile load of 132 /zg/kg. Polychlorinated biphenyl loads, whether suspended or dredged or both, can bioaccumulate if they average <0.014 /xg/L for a 24-hour interval (U.S. Environmental Protection Agency, 1986). The 0.014-/zg/L criterion can be converted to a suspended-PCB concentration (critical PCB concentration) by multiplying it by a unit conversion factor (10 6 ) and then dividing the product by the suspended-sediment concentration (table 11) . The suspended-sediment concentration corresponds to a flow which is equaled or exceeded a certain percentage of the time. As an example, the daily mean flow of 112,000 ft 3 /s (cubic feet per second) is equaled or exceeded 5 percent of the time ( fig. 8) . On the basis of the sediment-transport curve, this flow corresponds to a suspended-sediment concentration of 70 mg/L (milligrams per liter) and a critical PCB concentration of 200 /zg/kg (table 11) . Thus, for 5 percent of the time, or 10 days in an average year, the flow is such that if suspended-PCB concentrations exceed 200 /xg/kg for 24 hours or more, suspended-PCB concentrations violate the EPA standard of 0.014
At present there are few data that describe the fate of PCB compounds in the lower Columbia River estuary. In the few areas sampled between Columbia River miles 3 and 18 , PCB bottom-material concentrations are one to two orders of magnitude smaller than concentrations in Portland Harbor (Fuhrer and Rinella, 1983; Fuhrer, 1984; and Fuhrer and Horowitz, 1988) . Until studies addressing PCB transport and deposition are made, potential effects of flow-lane disposal on sediment quality in the lower Columbia River will remain unclear. 1973 (Friday and Miller, 1984 Conversely, copper did display significant concentrations in oxic ETF. Copper releases were as large as 19 A*g/L (RM 11.3 + 10.7), compared to 3 A*g/L in the corresponding standard ETF. Furthermore, for corresponding samples, Cu releases in oxic ETF consistently exceeded those in standard ETF. The difference between oxic and standard-test Cu release could result from the oxidation of both Cu organic acid complexes and Fe sulfides, or it could be an artifact of the method used to aerate the oxic test. Under reducing conditions, organic material--present in sediment and interstitial water forms Cu organic acid complexes (chelates) , which either directly precipitate or adsorb on bottom material (Forstner and Wittmann, 1979, p. 224) . These chelates effectively immobilize the Cu ion and upon oxidation they may release the Cu back into solution (Burton and Liss, 1976, p. 48; Forstner and Wittmann, 1979, p. 219) , causing the larger ETF Cu concentration in the oxic test. Also, under reducing conditions, Fe is likely to be in the form of sulfides and the observed differences in test concentrations may be explained on the basis of Fe sulfide dissolution. The Fe sulfides likely coprecipitate with Cu in the reduced interstitial water of bottom material (Forstner and Wittmann, 1979, p. 219) . During the oxic test the continuous supply of oxygen served to release more and more Fe and Cu, hence larger Fe and Cu concentrations in the oxic ETF (table  12) . The similar ratio of Fe to Cu in standard and oxic ETF, 7.3 and 7.9 respectively, is consistent with this theory of coprecipitation.
As mentioned earlier, the larger oxic-ETF Cu release may be an artifact of the method used to aerate the oxic test. Because the aeration step involved the bubbling of air into the elutriate-test mixture during the 1-hour settling period, more fine particles remained suspended at the time of filtration than during the standard test. Because the presence of suspended-particulate material quickly clogged the 0.45-/*m filter, numerous filter changes and higher pressures were used during the oxic-test filtration step. The sample for filtration was withdrawn from the upper 2 to 3 cm of the elutriate-test mixture. Suspended particulates less than 0.45 /*m in diameter in this interval can be largely colloidal Fe and incorrectly reported as dissolved Fe (Forstner and Wittmann, 1979, p. 82) . The passage of these colloids along with sorbed Cu through the filter could account for the larger ETF Fe and Cu concentrations from the oxic test as well as the smaller ETF Fe and Cu in the standard test.
EPA criterion for the protection of freshwater aquatic life (U.S. Environmental Protection Agency, 1986) limits Cu concentrations to 5.7 /^g/L (1-hour average, assuming a hardness of 30 mg/L as calcium carbonate). Oxic-ETF Cu concentrations in the upper harbor (RM 8.3 to 11.3) exceed EPA criterion and range in concentration from 7 to 19 A*g/L. One-hour average Cu concentrations associated with the flow-lane disposal of Portland Harbor dredged material would probably be smaller than 5.7 A*g/L, because ETF Cu concentrations reflect only dilution occurring in the hopper dredge. Much larger dilution could occur during flow-lane disposal. 
SUMMARY
Upland disposal sites for dredge spoils from Portland Harbor are nearly full. Flow-lane disposal of these spoils to the nearby Columbia River may be an alternative. In October of 1983 the U.S. Geological Survey, in cooperation with the U.S. Army Corps of Engineers, collected bottom-material and water samples from Portland Harbor to determine concentrations of trace metals and organic compounds in elutriate-test filtrate and bottom material. These data were combined with data from earlier harbor studies and evaluated with respect to chemical concentrations in local soils, spatial location within the harbor, and U.S. Environmental Protection Agency criteria for quality of water.
Of the trace metals examined in bottom materials from the Portland Harbor, concentrations of Cd, Pb, and Zn are enriched in selected areas as compared with average concentrations in local rocks and soils. Cadmium enrichment, considered as slight, occurs in Columbia Slough and in slips in the lower harbor (RM 0 to 7), where concentrations range from less than 0.5 to 1.8 A*g/g. The largest concentrations of Pb and Zn (236 and 779 A*g/g» respectively) occur at Port of Portland Terminals 4 and 2, respectively. Concentrations of these metals in the adjacent navigation channel are relatively small, suggesting that the maximum enrichment is localized around the'terminals.
Of the organochlorine compounds examined in bottom material, chlordane, DDD, DDE, DOT, dieldrin, and PCB compounds were detected and quantified at least 30 percent of the time. The Doane Lake outlet to Portland Harbor (RM 7.1) appears to be an area of large DDT concentrations (2,700 /jg/kg). This DDT concentration exceeds the corresponding degradation product concentrations for DDD and DDE, suggesting recent movement of DDT into Portland Harbor. PCB compounds appear to be ubiquitous in harbor bottom material; concentrations as large as 550 ^g/kg occur in Port of Portland Terminal No. 2. Concentrations occurring in terminal berths and slips are generally larger than those found in the harbor navigation channel and are believed to be a consequence of fine particles settling in the low-energy zones of the slips.
On an annual basis, it is estimated that the Willamette River contributes nearly five times (72 kg/yr) the suspended-PCB load to the Columbia River than would flow-lane disposal. It should be noted, however, that the suspended PCB-load calculation assumes that suspended-PCB concentrations of the Willamette River are equal to the median PCB concentrations in Portland Harbor bottom material.
Of the trace metals examined in oxic elutriate-test filtrate, concentrations of Cu in the upper harbor (RM 8.3 to 11.3) were found to exceed U.S. Environmental Protection Agency criteria for the protection of aquatic life. ETF Cu concentrations exceeding these criteria (5.7 ^g/L) range from 7 to 19 A*g/L. The release of Cu occurred during oxic elutriation and is probably an accurate estimate of the effect of flowlane disposal into well oxygenated water of the Columbia River, although dilution is not taken into consideration.
